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A PRELIMINARY DISUUSSION OF CERTAIN CYULICAL 
CHANGES IN INDIA. 

By W. L. DALLAS, Simla, India (dated December 8,1891). 

I n  the Indian Meteorological Memoirs, Vol. VI, it was 
shown by the author, and in a later volume of the same mem- 
oirs, by Mr. E. Douglas Archibald, that the effect on the 
course of barometric pressure of the periodic changes inlthe 
number of solar spots is to occasion a real variation in pres- 

. 
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sure of sufficient magnitude to enter into the discussion of 
the secular variations of weather. Having reached this con- 
clusion, and it being evident both from present watching as 
well as from past records of weather, that the sun-spot influ- 
ence alone was insufficient to account for the weather varia- 
tions which are on record, it appeared to the writer desirahle 
to carry the investigation a step further, and by eliminating 
the solar-spot influence to see whether there would then ap- 
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Table IV gives the actual annual pressure for each year 
for the three stations combined, and also the annual preseure 
when the corrections for the solar-spot cycle, as given in 
the last column of Table 111, have been applied. 

pear in the pressure curve other secular changes which woulc 
still further explain the recorded variations in the amount o 
rainfall, etc., in India. 

The only places in India for which long series of pref 
sure observations exist are the presidency towns of Bombaj 
Madras, and Calcutta. The annual mean pressure observa 
tions for these three centers are given below, together wit1 
each year's variation from the average of the whole: 
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The variations differ somewhat for the three different sta- 
tions, the curve for Calcutta being less distinct and less regu- 
lar than those for Madras and Bombay. It may be men- 
tioned here that for each of the three stations the pressure 
variations were also determined corresponding with the exact 
number of the sun spots for each year, using both the maxi- 
mum and the minimum years as the bases, but it was found 
in the end that the most regular and symmetrics;l returns 
were obtained from the simple 11-year cycle. 

Table I11 gives the pressure variations for the 11-year 
periods for the three stations combined, and, by changing the 
iigns of the variations, as is shown in the last column of the 
Lable, these departures become changed into the corrections 
which it is necessary to apply to each year of the different 
ieries in order to eliminate the sun-spot effect from the curve 
)f pressure. 

- 
TABLE 111. 
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d 
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-. 001 
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2E 

I Mean variation of 
pressure. In  order to ascertain what portion of each of these varia- 

tions was attributable to the variations in the number of the 
solar spots the following table was constructed, giving the 
annual variations in 11-year series for Madras, Calcutta, and 
Bombay, respectively. 
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Inch. 
-.0016 
.m 

$:E 
-.0084 
-.m 
-.ooo1 -.m 

841+?-6074-&98 ...................... 
&4868*76-86 ........................ 
& ( 8 4 4 4 & M  ........................ 
844-55-66-77-68 ......................... 
865-!nl-67-?6-89 ........................ 
! u t 3 - 5 7 d B w  ........................ 
847-1 ........................ 
849-60-71-8888. ........................ 
850-81-724344 ......................... 
ffil-6z7- ........................ 
wwa-nai-99 ......................... 

:ADBAS. 

Znch. 
1874 -.ao? 
1876 --.W 
1876 -.m 

-.014 
1880 -.a04 

;g 1W9 $:E 

Inch. 
1886 +.a1 
1886 -.m 
leer -.m 
1888 +.015 
1889 -.ow 
I890 -.om 
1891 +.ou 

............. +.m 
+.m ............. -.ooo8 .....I ....... 1 
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Imhea. 
9 8 . w  
.898r 
.84tP 
.859* 

TABLE IV.-Mmn preasurt3 of the Ihw8 atutions, Mafiras, Bombay, atid 
Calcutta, and, a h ,  as cormled for tL 11-yaw cyck. 

Inchaa. 
Bo.807 

.8w 

.I316 

.m 

1841. ........ 
1842.. ....... 
1848.. ....... 
lW........ . 
1815.. ....... 
1846.. ....... 
1847.. ....... 
1848.. ....... 
1849.. ...... 
1850. ........ 
lB1. ........ 
llx59.. ....... 
1868.. ....... 
1864. ........ 
lmi5.. ...... 
1858. ........ 
1867. ........ 
18s. ....... 
1859.. ....... 

'Inch-%. 
29.m 

.a16 

.a19 .m 

.809 .m 

.880 

.A12 

.All .em 

.a14 

.&m 

.m 
-784 
.HI6 
.805 
.a18 
314 

Inches. 
1.801 
-814 
.@& 

.SI8 

.e30 

.AT2 

.a10 

.810 

.m 

.809 .w 
,620 
.m 
.#&I 
.E14 
.821 
.a16 

.ma 

1m.. ...... 
1881.. ...... 
1m.. ...... 
1868 ...... 1w.. ..... 
1885.. ...... 
1868.. ...... 
1867.. ...... 
1888.. ...... 
1869.. ..... 
1870.. ..... 1m.. ..... 
1872.. ...... 
1873.. ..... 
1874.. ...... 
18%. ....... 
18%. ....... 
1877.. ...... 
1m ....... 

.m 

.f&H 

.816t 

.u%t 
A11 
.a10 .a% 
.RIl 
.a10 

Inches. 
39.801 

.m 

.m 

.m 

.834 .w 

.a18 

.Ea 

.@31 

.&m 

.n?5 

.&?a 

.&la 

.&m 

.a12 

.808 

.&m 

.a54 

.a17 

.at2 

.816 I 

.804 

.a18 

.&m 

.m 

.809 

.808 

.&m 

.Means of Madras only. t Means 

Inch. -.m -.m +. -.m 

-.011 -.ax 
-.ow 
-.a05 

$:% 

hehm a. m 
.805 
.m .m 
.ma .a% .m 
.m 
.880 .an 
.801 
.E14 
A12 
.a19 
.a14 
.mi .m .w 
.a12 

InChe6. 
B.an 

.8w 

.a15 

.m 

.a18 

.a17 .m 

.a11 .m 

.816 

18%. ...... 
1880.. ...... 
lRBl ........ 
lem.. ...... 
1863.. ...... 
1ea4.. ...... 
lae5.. ...... 
lea6 ....... 
1881.. ..... 
1888.. ...... 
1889.. ...... 
1890.. ...... 
1891.. ..... 
1888.. ..... 
1m.. ...... 
1M.. ..... 
1896.. ...... 
1896 ....... 

-.I --. . -- 
Madras and Bombay only. 

Since the annual mean pressure of the whole series is (see 
Table I) for- 

Madras, 29.843 ( a )  : 
Bombay, 99.812 ( b )  ; 
Calcutta, 29.784 ( c )  ; 

and since -- 4- - - 29.813 ((2) ; 3 
n S b  therefore, (a) alone is0.030"higher than ( d )  and -3- is0.015" 

higher than ( d ) .  
Thus, the Madras means for each year 1841 to 1845 require 

a correction of -0.030" to reduce each to the equivalent mean 
of the three stations, and the combined nieaiis of Madras and 
Bombay for each of the years 1846 to 1859 require a correction 
of -0.015". These corrections have been combined with the 
sun-spot correction in obtaining the third column of Table IV, 
and the following diagram shows these figures graphically: 

Fro. 1.-Indian pressure curve, corrected for sun-spot variation as 
derived from 11-year period. 

The curve, thus corrected, shows a complicated course, and 
is obviously composed of numerous small oscillations. A t  
t.his stage of the investigation it was suggested to me by Mr. 
Eliot that it would be interesting to treat the Mauritius 
pressure curve in the same manner. Therefore, the annual 
pressures for Mauritius were corrected for the 11-year cycle, 
and the results obtained are shown graphically in the accom- 
panying diagram: 

FIG. 2.-Mauritius pressure curve, corrected for sun-spot variation as 
derived from 11-year period. 

For the period 1853 to 1870 there is no information as to 
the data from which the means for Mauritius were derived, 
but from 1871 onward the hours of observation aregiven, 

and it is thus possible to obtain correct values of barometric 
pressure. It is obvious that the figures of the earlier years 
of the series are not comparable with those after 1870, but 
the latter were sufficient to show that there existed a 9-year 
period in the pressure variations a t  Mauritius, and this gave 
a clew to what appears to be a similar manifestation in the 
records of mean pressure over India ; the course of the Indian 
pressure curve is, however, generally the reverse of th@t pre- 
vailing at Mauritius. A careful inspection of the Indian 
curve shows that the crests of the 9-year cycle occur in  the 
years 1841,1850,1859,1868,1877,1886, and 1895, and starting 
with these years the following table has been constructed. 

TABLE V.--lndZictn peaawes  ammged it& 9-ywr cy&. 

Inch. Imh. 
+.am -.m -.m +.m 
-.m +.m 
-.m +.MI -.m +.a 
+.m -.m -.m +.m .ooo .ooo 
+.w -.m 

I I I  I I  I I  I I  I I  I I  I __ 
The mean values in the last column of Table V show 

a maximum pressure variation in the 1841 series, or the 
first year of the 9-year cycle; a fall to a niininiuni in the 
fourth year of the cycle; then a rise to the sixth year, when 
marked irregularity occurs; a fall in the seventh gear; and, 
finally, a rise again to the maxiniuni in the first year. Re- 
versing the signs of the variatione a correction is obtained 
which, applied to the different years, removes this cycle from 
the pressure records. The following table, VI, shows (1) 
the crude barometric annual averages for the three stations 
combined and the variation of each annual average from the 
normal; (3) the mean annual pressure of the three stations 
combined after being corrected for the influence of the 11-year 
cycle ; (3) the variation of each year from the new normal ; 
(4) the mean annual pressure of the three stations combined 
after being corrected both for the 11-year and for the 9-year 
cycles ; (6) the variation of each year from the last normal. 

TABLE VI.-Tndian pmm~m ootrecccd fur cycluboZ mrkztwnr. I Crude 
means. Year. 

1841 ............. 
184% ............ 
1848.. ........... 
1844.. ........... ~~ ~ 

1845.. .......... 
1848.. ........... 
Mi.. .......... 
1848.. .......... 
1849. ............ 
1850.. ........... 
1852.. ........... 
1855.. ........... 
IBM. ............ 
1865.. ........... 1w.. .......... 
1857. ........... 
IRW.. ........... 
1839.. .......... 
1lm.. .......... 
18tll. ............ law.. .......... 
1808.. ........... 
IW.. ........... 
1885.. ........... 
1888.. ........... 1m.. ........... 
law ............. 
1888. ........... 
1810.. ........... 
18-1. ............ m ............. 

1851.. ...... ....I 

Itichea. 
2Q.tm.5 

.Roo 

.a16 

.&m 

.m 

.el8 . Ro1 .m .w 

.8(yi 

.a01 

.A11 

.a11 

.a10 

.I35 

.a11 

.a10 

.E17 

.e10 

.801 

.m .m 

.m5 

.mr .m 

.E18 

.a* . a1 

.&m 

.m 

.808 .am 

-.011 -. 001 
-.CHI1 -. 002 
+.013 
-.On1 
-.m3 
+.OOS 
-t.m 
-.011 
- .ox  
-.019 
-.01i 
+.@a 
+.Ol4 +.m 

-. oopl 
-.017 -.m 
-.m 

$:E!! 

.804 

.SI3 

.8u9 

.809 

.m 

.806 

.w 

.a16 .w 

.Rag 

.mi .m 

.59; 

.ai32 

.(hu 

.02 

.m 

.880 .an 

.801 

.a14 

.a12 

i'ariatian, 

Inch. 
-.m 
-.m 

+. 005 
+.m 
--.014 -. m -. 009 
+.m 
-.m 
.olM 

-.m -.m 
-.ab# -.m -. m 

-.OM 
-.m --.or 
--.OM 

-.011 
+.OlO +. 017 -.m 
-.OM 
+.00l 
-.CHI1 

5s 

$:E 

$:Z 

Means 
:orrected 
br 11 and 
9 year 
cycles. 

Inche8. 
89.799 

.Em 

.881 

.800 .am 

.a19 .m 

.all .m 

.wB 

.ma 

.a19 

.E16 
A11 
.Bo( 
.809 
.809 
.812 . 8lU 
.818 
.SI1 .em .m 
.837 
.a20 .m 
.&io 
.%w 
.a11 .m .a 
.a14 

Variation. 

Inch. 
--.014 -.m 
:E 
+.m -. 001 
-.011 -.m 
--.014 -.as 
-.oE 
f. roB 
+.ma -.m 
-.m -. 001 -.w 
-401 

-.m 
-.OlO 
--.014 

--.OH 

-. m -.om 

+:E 

$:E 
$:% 
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TABLE VI.--ln&n prem~~es wlrSeclsd for cyclical acM.iationa-Continued. 

. 
1878 ............ 
1874 ............. 
1875.. ........... 
1876.. .......... 
1877.. ........... 
1878.. ........... 
187% ........... 
1880.. ........... 

I Crude 
means. Year. 

Inches 
9.m 
.E18 
.a06 
.m 
.E54 
.E17 
.a02 
.E16 

Inches. 
29.812 

3 1 4  .em .em .ea 
.E12 
.&I1 
.E14 .a% 
.ala 
.818 
.830 .m 
.E10 
310 
.m 
.m 
.m 
.E26 
.Wl 
.E424 
.814 
.RJ1 
.E16 

111.. ....... ....I .E19 
1888.. ........... .806 
1m. ............ .Em 

Zilch. Ziiclieb. 
--.MI1 29.80; 
+.Wl .E17 
-.m .EM -.om . m5 
+.V& .Bo 
-.001 .E16 
-.o12 .m +.m1 .e1 +.om . €22 .ooo .m 
+.00s . I 1  
+.Ul7 .830 
+A19 .a29 
-.m .em 
-.m .SI4 -.m .VI5 -.m .81G 
-.m .E10 
+.013 . tl2l 
-.013 .w +.on .*?PI 
+.WI .8I1 +.om .E13 
+.W .m 

-..~ 
1884. ............ .cm 
18s.. .......... .8r#) 
1888.. ........... .E12 
1887.. ]sea ............ ........... I :E 

Year. 

_- 
!86) ....... 
Is01 ....... 
1302 ....... 
BOR ....... 
.SO!!. ..... 
IHUO. ...... 1w ....... 
,501 ....... 

1m.. ........... I .E14 
1880. ............ .m 

d, 
& .  -6 
$2 
9 "  rn 

15.1) 
34.0 
55.0 
71.2 

47.6 
s . 9  
9.4 

__ 

7a.1 

1891.. ........... .am 1m. 
1899.. ........... 
1M. ............ .805 
1895.. .......... .E18 

............ I :E 

....... 

E .  
i;% !g 
2" 
i6.a 
7. a 

ac. a 

vi -. 

73.9 
139.1 
111.2 
101.7 
66.3 
44.6 
17.1 
11.3 
12.3 
3.4 
6.0 

54. 2 
82. a 
69.a 

1808.. ........... 
Mean.. ..... 9.812 

Ism... . 
!BID ....... 
IH3. ...... 
1821 ....... 
Is%2 ...... 
1*&9 ....... 
[%?PI ....... 
1325. ...... 
I%% ....... 
,827. ..... 
ME ....... 
,X9 ....... 
.HI ....... 
,881 ....... 
,332 ....... 

Variation 

90.0 
zI.2 
15.0 
6.1 
4.0 
1.8 
8.6 

15.6 
30.0 
40.4 
62.6 
6i.3 
70.7 
47.8 
87.5 

Iwh.  
-.m .ooo -.ooo 
-.m 

-.010 

-. 007 -. m 

.ooo -. 001 

-. 003 
+.OM 
-.018 
+.wr 
--.GO7 +. (Yffi +. wa 

$:E 
$:E 

$:% 

$:E 

........... 

7.1 
S5.6 
53.8 

0 
? 

; 

Means 

--- - 
11-year cycle. 

Inch. 
1st year ........................ --.0015 

3d year ....................... .OOO9 
5th year.. .................... .OOU 

yd year ...................... $.oO"o 

4th year ...................... . O M  
....................... .ouO; 

,thyear +.W&3 
8th year ....................... -.0061 
9th year ....................... --.OX8 
10th year ...................... --.OD34 

....................... !til year f 
11th year ..................... -.a2 

- ___ 
9-year cycle. 

Inch. 
1st year ........................ 
2d ycar ......................... 
&I year ........................ -. 006 
4th  year.. ...................... -.W 
5th year. .................... -.00-2 
6thyear ....................... +.Oil5 .................... -.m .ooo 7th year 
8th year.. ...................... 
Qthyear ...................... +.ooS 

2: g 

iariation. 

Iwh.  -. oo( +.w -.w -.m 
+.Ol i  +.w 
-.OM 

-.w 

+.OH 
--.011 
+.Wl +. oin +. m 
-.m +. oo$ -.OM 
+.Oil 
-.m< 

.m 
+.I*; 

$:2 
$:Z 

........... 

Finally it has been shown that when the above variations 
have been applied as corrections to the annual pressure val- 
ues the amplitude of tlie pressure oscillation is very mate- 
rially diminished, and that the residual variations exhibit no 
further sign of cyclical change dining the period under dis- 
cussion. 

The next step in the investigation is to attempt to coiiiiect 
these periodic changes in pressure with the records of weather 
in India. In  the Famine C'onimission Report, on page 34, 
there is given a table showing the rainfall a t  Madras for the 
years 1800 to 1878, and to this I have added the annual rain- 
fall for the subsequent years up to 1896. The objections to 
the employment of the records of a single station for the 
purpose of showing the coiiiiection between pressure and rain- 
fall are sufficiently ohvious to every one. The following re- 
niarks by the late hIr. Pogson, C. I. E., government astrou- 
onier a t  Maclras, may, however, be quoted to illustrate the 
tlificiilties which niust he faced. The year 1877 over India 
generally mas one of disastrously cleficien t rainfall, yet in 
Maclras " in 1877 a purely cyclonic raiiifall in hfay added 81 
inches nbnornially to tlie nnnuul amount, and a similar quan- 
tity in November was also chiefly cyclonic. Deducting these 
tlniouiits the register for the year would have been 24 instead 
of 66 inches." With this caution the process of connecting 
the ninrch of the two elements will now be proceeded with. 
Table VI11 gives the table of rainfall nientioiied above. The 
first, fourth, and seventh colunins give the gears; the secund, 
fifth, and eighth,Wolft"s relative number of sun spots; aiid the 
third, sixth, and ninth, the aniinal rainfall a t  the Madras ob- 
~ervatory. Attached to each figure giving the rainfall is a 
number ( 1  to 9) which shows the position of the year in the 
%year cycle. 

FABLE VIIL- Wolff's relalire nxrihm .fw s i i n - y i ~ t  frequsney and the an- 
niiicl ~c t in fd l  in k-hcs  and i w t h  d Madrm Obwmriory. 

IXIO. . . .  . 0.0 
1811 ....... 1.4 
1812. ...... 6.5 
IBl.3. ...... 12.8 
1,914.. - - ~  ..... 1 - - ~  14.4 

Sear. 

ma..... . 
1831.. .... 
lM5.. .... 
18s6.. .... 
1855.. .... 
1888.. .... 
1889.. .... 
1w.. ... 
1811...... 
1w.. .... 
la&.... . 
1844. ..... 
IW..... . 
IW.... .. 
1817.. .... 
1818.. .... 
1819 ...... 
1851. 

1859. ..... 
1851 ...... 
1855. ..... 
185U.. .... 
1857.. .... 
1858 ..... 
183.. .... 
1860.... .. 
1w.. .... 
1862.. .... 
1863.. ... 
1W ...... 
1865 .... 

1850.. ....I 
lsvz.. : : : : i 

d, c -  ';% 
8; 2% 
ca - 

8.6 
18.2 
56.9 
121.8 
1811.2 
108.1 
83.8 
6a. 2 as. 8 
24.2 
10.7 
15.0 
40.1 
61.5 
98.4 
I!!. 3 
95.9 
66.5 
64.5 
M.2 
39.0 
3 . 6  
6.7 
4.3 

22.8 
54.8 
93.8 

59.1 
41.0 
46.9 
90. 5 

E- ! 
# I . "  

_. 

i 

d 

. 

a7.1 (3) 
39.0 (3) 
41.5 (4) 
44.8 (5) 
49.8 ( 6 )  
52.3 (7) 
5a.1 (8) 
58.7 (9) 
59.3 (1) 
80.6 (21 
50.8 (3) 
65.4. (4) 
88.1 (6) 
79.8 (6) 
81.0 (7) 
54.8 (8) 
a9.s (9) 
36.9 (1) 
81.1) (2) 
72.7 (3) 
85.8 (4) 
43.2 (5) 
s2.a (6) 
47.0 (7) 
63.0 (8) 
48.5 (9) 
55.1 (1) 
'27.6 (2) 
37.2 (3) 
88.2 (4) 
54.6 (5) 
47.a (6) 
41.6 (7) 

' 

. . . .  -. 

Tear. 

-- 
lS60.. .... 
1867.... .. 
1868.. .... 
1869.. .... 
1870.. ... 
1871. ..... 
18B.. .... 
1673.. .... 
1874.. .... 
1875 ..... 
1876.. .... 
lei"?.. .... 
18;s. ..... 
16%. ..... 
1m.. .... 
la%..... . 
1882. .... 
18R9.. .... 
18M.. .... 
1885.. .... 
1886.. .... 
1887.. .... 
1888. ..... 
I s m . . . .  
1890.. .... 
1891.... .. 
189.2.. ... 
lW.... .. 
Mal ...... 
1885.. .... 
1896.. .... 

51.4 (8) 
1 . 4  (9) 
41.4 (1) 
1 . 8  (2) 
74.1 (3) 
1.4 (4) 
73.7 (5) 
51.8 (6) 
62.9 (7) 
57.1 (8) 
91.6 (9) 

M.a (Y) 
::; g; 
61.8 (4) 
44.0 (5) 
50.2 (6) 
60.5 (7) 
78.9 (8) 
47.9 (9) 
47.8 (1) 
70.2 (2) 
03.6 (3) 
43.4 (4) 
33.0 (5) 
80.4 (6) 
42.0 (7 
44.0 (81 
47.8 (9) 
47.4 (1) 
88.7 (9, 

Taking first the 11-year cycle, the above table shows a gen- 
3rd direct agreement between the number of solar spots and 
;he amount of rainfall a t  Madras. In  order to obtain values 
,vhich can be compared directly with the pressure values of 
;he 11-year cycle given in Table 111, the annual rainfall 
ralues for each eleven years, beginning with 1808, have been 
:ontbined, as shown in Table IS. 
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.... 
..... 

........ 
1816801194680.~188749.8184834.81~~.1167074.118814401BsY.W O. . . .  .... M 5 
18164i8 1B7 88.4 1886 52.8 1849 89.8 188081.6 1871 J8.41181M 1:s I € M  44:O ........ S0:O $ ?: 
I817 88.8 182887.9 188958.1 185086.0 1861 37.9 18X7S.C 1888 80.5 1W4C.8 ........ 51 8 
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I I  I I 

From Tables 111 and IX the following mean results have 
been obtained for Madras : 

TABLE S. 

I Calendar years. I Variations. 

Madras 
rainfall. 

1- 
1W&M 
l810-67 
1811-06 
181889 
1818-90 
1814-91 
181642 
l8lbes 
18174 
1818-95 

Cycle year. 
Indian 

pressure. I I I Rainfall. Pressure. 

Flrst ....... 
Second ..... 
Third ..... 
Fourth ..... 
Fifth.. ..... 
Sixth.. ..... 
Seventh .... 
Eighth ..... 
Ninth ...... 
Tenth. .... 
Eleventh.. . 

Inche6. + 5.4 - 8.8 - 7.0 + 8.0 
-18.6 - 1.7 

This is not a very close agreement, but, as will be seen from 
the following diagram, Fig. 3, there does exist a rough agree- 
ment betweeu the variations of pressure and the variations 
of rainfall : 

Fig. %-Indian pressure and Madraa rainfall, 11-year cycle. 

Turning next to the 9-year cycle, and treating the Madras 
rainfall in the same manner, onlydividing it into 9-year 
instead of 11-year periods, the following, Table XI, is con- 
structed : 

TABLE XI. 

Inches I r n . . .  31.3 
ISM). .. 61.5 
IW... 14.3 
1808.. . 
1810... P 
1811. .. 89.7 
1812... e 
1818.. . 45.1 

1809... ; 

Inches 
1841... 

1843.. 

Inche6 

law.. 43.2 
1n55.. lW..l 82.8 47.0 

1857.. 68.0 
1869.. 48.5 

I n c h  Inches 
55.1 1806.. 41.4 1877.. 
m.8 1869.. 88.8 1878.. 
87.8 1670.. 74.1 1679.. 
98.8 1R71.. 1 . 4  1880.. 
64.8 1812.. 18.7 1881.. 
47.8 187s.. 51.8 Isaa.. 
41.8 IC!.. 88.9 1888.. 
51.4 187.~ .  81.1 1884.. 
pP.4 1876: 21.6 1BIu.. 

Inchse 
66.8 1w.. 
ee.7 1881.. 
64.8 1886.. 
81.8 1889.. 
44.0 1890.. 
60.3 1891. 
60.5 1898.. 
78.9 189s.. 
47.9 1892.. 

I h C h U 7  Inchss Inches 
47.8 1895.. 47.4 49.0 
70.8 1896.. 88.7 47.0 
8.5 ............. 60.3 
43.4 .............. 51.9 
S.0 .............. E46 
80.4 .............. 46.1 
48.0 ............. 58.4 
44.0 .............. 50.8 
47.8 .............. 48.8 I 

Inch# 
-6.8 

-8.7 
W.8 
+1.4 
-8.0 

From Tables V and X I  the following results are obtained : 

TABLE XII. 

1 Variations. I Calendar years. 

Cycle year. 
Madras I Indian 1 
rainfall. pressure. 1 Rainfall. 

I I I 
1m.96 
1807-88 
1-69 
1 W 8 0  
181C91 
1811-92 
1812-911 
1818-94 

180698 
1841-85 
1M96 
184348 
1844439 
1845-80 
la4041 
1847-98 
18489a 
1848-94 

Firnt ....... 
Second ..... 
Third ...... 
Fourth ..... 
Fifth. ..... 
Sixth ....... 
Seventh.. .. 
Eighth .... 
Ninth ...... 

Inches. 
4 . 8  5:; 
+a. 8 
-8.7 

-6.0 
$E 

This table gives the following diagram: 

Pressure. 

FIQ. 4.-Indian pressure and Madras rainfall, %year cycle. 

The above curves show that in the barometric pressure over 
[ndia and in the rainfall a t  Madras there exists an 11-year 
:ycle presumably agreeing with the relative frequency of eolar 
ipots, and in addition a 9-year cycle in which the agreement 
jetween pressure and rainfall is even more marked and more 
Listinct thau in the case of the 11-year cycle. 

For the reasons stated above the rainfall discussion has 
)een hitherto confined to the records of Madras observatory, 
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864 .................... 
885 ................... 
BBB ................... 
887. ................... 
889 ................... 
569 .................... 
El .................... 
W2 ................... 
B i 3  .................... 
R14 .................... 
075 .................... 
K'tl .................... 
877 .................... 
Bit3.. ................. 
079 ................... 
B80 ................... 
881 ................. 
B32 .................... 
BR9 ................... 
sB1 ................... 
98J .................... 
986 .................... 
587 ................... 
988 .................. 
989 ................... 
31w) ................... 
391.. ................. 
392 ................... 
w ................... 
M... ............... 
395 .................... 
Kx3 .................... 

KO .................... 

~~~~~~ ~~~~~~~~~~ 

the raiufall records of the whole of India being available foi 
only a rela.tively short period. From 1864 onward. however, 
raiufall retiirns are obtainable for the whole country, and 
these returns have been utilized to constriict Table XIII. 

TABLE SIII.-VycM.io~io,u, of raiidall ~ O T  all India m a n @  in 11-pal 

ImhEs. - 8.8 - 7.0 + 8.0 
-18.1 - 1.7 - 0.4 

1.a 
8.5 
7.8 i 6.4 - 8.3 - 7.0 + 8.0 

-18.5 
-1.7 
-0 .4  

6.7 
1.9 
8.5 
7.8 

- 8.1 - 7.0 + 8.0 
-18.5 - 1.7 - 0.4 + 5.7 

1.9 
2.6 
7.8 
5.4 

+ 5.7 

i 5.4 

Inches. 
1888.. ................. 
1864 ......... - 6.K 
I=. ......... - 0.8 
1836 .......... - 8.1 
1W .......... + 8.8 
1809.. ........ 
1870 ......... 
1811 .......... 0.9 
lsls .......... 8.8 
1878 .......... - 4.5 

1880 .......... 3 t; 

a 
I w - 
B 2  

InGhd8. 

$El ;E 
$ ::; z 
$0,:: E 

- 4.6 1887 
-4 .8  1888 

- 1.6 1891 

- 0.1 1894 + 1.7 1895 

5 
___ 

-- 
I 

-- 

............... 
1884... 
lfm.... 
IBwi.... 
1867.... 

Inches. 
1.1 1896 
8.0 ........ $ 2.6 ........ - 1.5 ........ 

- 8.5 ........ 
+ 6.6 ........ - 2.9 ........ 

$ t:t :::::::, 
$4; ........ ........ 

Inde.8. ............... 1808 ............... lrn ................ 1670 ................ 1871 
1872 

- 6 . K  1678 
-0.8 1874 
-2.1 1875 
4-8.8 18i6 

Inclkw. Inchen. - 4.8 + 0.1 ......... 0. ( ......... - 0.1 ........ - 8 J  ........ + 8.1 ......... - 1.1 ......... - 1.1 ......... ......... $4:; ......... 2.1 ........ - 1.1 

rnches. 
-6.6 
+0.4 
+1.5 
+0.9 
-1-2.8 
-4.5 
+4.6 
+2.4 
4 . 5  

The 11-year cycle of Indian pressure (Table 111 or VII) and 
of rainfall for all India (Table XIII)  are shown in Fig. 5. 

1877 lrn 
I879 

leal 
188-2 
1- 
1884 
1885 

FIG. 5.-Indian pressure and rainfall for all India, 11-year cycle. 

The amplitude of the rainfall oscillation for the whole of 
India is only one-third of that for Madras, but the shape of 
the ciirve is the same, and the general agreement .between the 
rainfall and pressure variations is unmistakable. 

Dealing next with the same figures, but distributing them 
over a 9-year cycle, there results Table XIV, as follows: 

TABLE YIV.-Vahtiona of ra&Jall for  all India awanged in 9 - y ~ ~  
0yclae. 

1890 
1891 
I= 
lW3 
1891 

+o.7 ................ +LO 
4 . 6  ................ -2.7 
$5.1 ................ +2.S 
+9.1 ............... +8.8 
+6.6 ................ +La 

I l&Cl iee .  
4.8 
H. 8 
S1.7 
-1.6 
+o. 1 
+!.I 
-0.1 
.t1.7 
+l. 1 

Inches. 

whence, with Table V or VII, the accompanying curvee of 
Fig. 6 are obtnined: 

FIG. &-Indian pressure and rainfall for all India, 9-year cycle. 

It would appear, then, from this investigation, that there 
ire two cycles, both traceable in pressure and rainfall, affect- 
ng the weather over the Indian region, the one running 
ihrough a period of eleven years and the other through a 
?eriod of nine years. Both appear to be more distinctly 
iraceable in the records of southern India (Madras) than in 
;he records of the whole of India. That these two cycles of 
:hange will not account for all the variatione of rainfall is 
iufficiently apparent from the records of the years 1877,1881, 
1587, 1890, 1892, and 1893 in the case of Madras, and 1576, 
1883, 1886, 1887, and 1896 in the case of India, as a whole, 
,ut they may assist in explaining the numerous variations 
which are 011 record, and may afford help in determining the 
general characterietics of future seasons. 
In order to test the practical utility of the system the 

:yclical variations of rainfall for Madras and for India, for 
rach year froni 1864 to 1896, were calculated according to 
.his method, and in the following table are given side by side 
vith the actual variations observed in these years. 

TABLE XV.-Cyclical wriaikna of annual rainfall. 

' 

Madras. 

Inch46 

f ;:i 
- 6.0 - 6.8 

i 6.8 - 8.7 

- 5.0 - 6.8 

t- ::: 
i i! 
f ;;i 
- 6.0 - 6.8 - 1.8 

$ ::': + 5.8 - 2.7 + 4.6 + 1.4 - 6.0 - 6.8 - 1.8 - 

Inch&. - 6.0 - 9.4 + 4.4 
-18.5 - 8.6 - 8.8 

7.1 $;; 
- 1.9 
-18.0 

-16.8 - 0.8 

- 8.8 

$2; 
$ ii 
-10.1 - 8-8 + 4.4 
-10.4 + 4.1 - 8.1 
+10.8 + 2.6 - 2.6 - 1.0 + 8.6 - 

- 

4 "  - 
Inches - 8.8 - 8.4 + 1.4 
-%. 6 - 8.6 
-17.7 

1.8 
12.9 

-12.9 
-28.4 
+IS. 2 
-!a. 8 

- 6.0 

- 2.1 - 2.8 

- 6.6 
-22.2 
-19.6 - 8.0 - 6.0 - 8.2 - 2.6 
+IS. 7 - 

- 
6 
2i 
$0 
" * - 

rndss 
0.0 - 0.9 - 8.6 + 8.8 - 1.4 

i 2.9 Ei - 1.9 + 0.3 
0.0 - 0.9 - 2.6 + 8.8 - 1.4 - 1.6 + 8.8 

- 1.9 + 0.8 
0.0 - 0.9 - 8.6 + 8.8 - 1.4 

$ t:8 

3 ;; 
- 1.9 + 0.8 

Whole of India. 
- 
Q 
z'i; 
P 
r d  

- 
Inches. - 8.7 

+ 1.8 
$ 8 8 : :  

f if 
- 2.7 $ ;;! 

$: 88:: 

$ ij; 
+ 1.0 - 2.7 

1.6 - 8.7 

+ 0.6 
$ ::: 
- + ;:; 
t ;:: + 1.5 - 8.7 + 1.1 

- 
B s i  
4- p 

-. 

lv~ches 

j ;; 
I 8.9 !! 
$ g 
- 4.1 

- 6.8 + 4.9 - 0.8 fi! n. 9 

- 2.7 + 0.8 - 8.0 + 4.4 - 0.4 

$ 4.4 ii - 4.6 
4- 1.4 

- 
d 04 
3s 
1 0  d P  

3" - 
'RCheE. - 5.6 - 0.8 - 8.1 + 8.8 

0.9 + 8.8 - 4.5 

- 4.1 

- 1.6 

8.0 
8.6 - 1.5 

3. 8.5 + 0.7 

6.6 - 8.9 - 4.8 
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That the method of the two cycles woiild have given ap- 
proximately correct rainfnll variations in the majority of 
years is obvious, and t h n t  the calculated varintions (more 
particularly in the case of Plladriw done)  shonld he enidler 
thau the actual variations is not surprising, but the nctunl 
and calculated values in sonie years are so very divergelit 
that it must be reluctantly conceded that i t  is impossible by 
this method “ to  determine heforehalid with any certainty 
the probable amount of rain in any season, such as would 
admit of timely precautions being taken against inipending 
drought.” 

[ NoTE.-h publishing this important paper hy Mr. D a h s  prompt1 
without incurring the  great delay that would he necessitated by sugi 
mitting the proof sheets to him, several matters have been noticed by 
the Editor which, although unimportant to the general trend of the 
argument, niay possibly be worth repeating as helpful to the reader. 

The word “variations” is used by Mr. Dallas always in €he same 
sense as the word “departures” is used by other writers, viz, the ob- 
served value minus the computed value, so that a plus variation is also 
a plus departure. 

The adoption of aregular 11-year cycle, instead of the somewhat irregu- 
lar sun-spot numbers, which are given in Table VTII (inasmuch as the 
11-year and the sun-spot cycles depart widely froin each other). seems 
to show that the 11-year period has no direct connection with the sun 
Epota, and it should, therefore, not be spoken of as a nun-spot period, 
but simply an  11-year cycle. 

The pressures given in Table I for three different series of years 
sliould, strictly speakin be reduced to a common system hy adopting 
the years 1853-1896 as tke basis. The mean pressures for these forty- 
four years are: Madras. 29.844; Bombay. 29.813: Calruttn, 19.784; the 
mean of all three is 29.814. Adopting this latter figure as the  b m ~ ,  we 
reduce each of the three stations to a common standard by applying 
the corrections, -0.030, + 0.601, + 0.030. Fortuaately.tlie~ecorrectiont; 
are the same as those used by the author i n  preparing Table IV and 
Fig. 1. 

With regard to the annual pressures for Mniiritius, Mr. Dallas xtntct; 
that they were corrected for the 11-year rycle in order to obtain thc 
curve of Fig. 2. We infer that the corrrctions were specially com 
puted by him from the Mauritius observations, and that he does no! 
mean to say that he  corrected the Istter by using the means for India 
given in Table 111. 

No reason is given for omitting from Taldes IS and SI the earlies1 
years, as given in Table VIII. 

I n  Tables S and XI1  the author has compared together the Madrna 
rainfall and the Indian pressure, bnt for quite different groups of years 
If  the comparison had been for B uniform sys:em of stations ant1 i l l  
years, the results might have been more harmonious. It is difficult tc 
separate the inhence  of this discrepancy as to localitv and time frorr 
the influence of the general want of physical connection between thc 
rainfall and the ressure. 

I n  Tables SIIf, XIV and S V  the fignres given in the manuscrip] 
for the variations of rahfall for all India show some slight discrep 
ancies, viz: XIII,  1886, +3.0; lSS7, $2.4: 1559, S2.5;  LIV, lSS(i, +3.2 
lSS7, +?A;. 1S89, + S A ;  XV, ISSG, +.“.1: 18S7, +?A; lS9 ,  +2.4. Thesf 
discrepancies the Editor has removed, so that the three tables may 1~ 
harmonious. 

With regard to the variations of rainfall at Madrns, as given in TaMt 
SV, the reader will notice thnt the figures of column 5 niay he repro 
(lured bv assuming the normal for Madras at. rfl.0 inches and coniputin 
from t h b  the departures of the individual yenrR given in Table VII! 
Two small discrepancies will be found, viz, the variation for 1SiS shoulc 
be -21.3, and for 1890, -28.0, instead of -22.3 and-22.2, respectively 
as published in Table ~V.-ED.] 
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MXXICAN CLTBIATOLOGSCAL DATA. 

Through the kind cooperation of Seiior Mariano BBrcena, Di- 
rector, arid Pefior Josh Zendejas, vice-director, of the Central 
Meteorologico-Magnetic Observatory, the monthly sunimaries 
of Mexican data are now communicated in manuwript, in ad- 


